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. This paper discusses a study to determine the 
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hypothesis Has that .subjects who used certain ^effective) learning 
procedures Hould perform better than sub:^ects who stressed other ' 
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, techttiqii^ for learning spatial information, ^singself-^generateiLV 
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into sastions. The less, effective procedures set. comprised sub jeats« 
random learning terhnigues, random sampling, and unresitricted fo-uB" 
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learn and 'reproduces maps aacording to their own techfiiques. .Subjacts 
were than divided i^sto three groups a ni instructed to participate in 
a. second aap-l'earni^ng task in which they used 1) procedures 
previously 'determines &^ effective learning aids, 2\ procedures 
unrela'ted to learning success, or 3) th^ir own learning* teclini'guas. 
Findings from- a com'parisisn o5 ^rformance on the first and sqcoai „' 

'map-learning task' indicated that performance iiprbvement was directly 
related to the frequency with which sub je'cts used procedures 
designated as most effective learning aids. The conclusion is that 
stuJents can improve' learning ef fectivefiess and performance of 
complex tasks su6h as map learning if they ' use .procedures designated 

.:^s^,elf^.^ti>e AeaxQitt:g„^aiAs. •; . _ 
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FKEFACE 



r 



• TEis study is the second in a series * of Raild investigatioas 

x>f tlie proceiss of map learninig, , The \£ork repotted here was 

peYfonned hetweexi September and jDecember 1978 and was supported 

by tlie Personnel and Training Researc|j frograas b^tiife Office of 

Naval Research. Additional research ip this is continuing 

\ • • . ' * . 

and w^ill oe documented in ^u^^equent reports 
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SUMMARY 



This study investiigated tiie influence of subjects* high- 



level $tudy ^procedures ^ their |U€cess at leamingva map. After 
learniAg a' map using their ^wn techniques, subjects were 



instructed (a) in thevuse of six previously deterained effective 
leamiiig ^rocedure^, (b) in the iise of six procedures unrelated 
to learning success/ or (c) to continue using t^Bir own 
techniqiufes. The effective-procedures ,set comprised three 
techniques for learning spatial information, two techniques for 
using self-generated feedback .to guide subsequerft study behavior,* 
and a procedure for partitioning the aap into sections.. On a 
second map-gleaming task, subjects trained to use effective 
procedures improved their performance significantly more 
subjects in the«* other two groups. The magnitude of the 
perfomance increiiieQ.t vas a function of the frequetacy vith wiiicfa 
these subjects used the designated procedures*. In additionj> both 
subjects* *.|}^p*- learning perforatnce and subjects* • use of spatial 

■ ■ . ■ . „ ■ ' ■ ' ' ■ . ' " . . ■ 

learning procedures were predictable froaa* a psychometric measure 
of visual »BeiwryNabHity. These findings suggest that l^igh- level 
procedures and loy-level processing skills play coi^lementary 
roles in determining complex task perfonqance. 
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I , INTRODUCTION 



^ . Individual dlffereii,ces among learners constitute an 
important' source of yari^tion in many learning and meiaory tasks? 

One source of individual d$.fferences often studied by educational 

• ■ \ ' ' ■ . • 

psychologists is the variation in the basic skills Required to* 



perform the experimental ta^k (Snow, 1976; Cronbach & Snow, 
1977). Researchers have recently,^ begun to consider another 
potential source of differences in coi^lex task^performnce: J;he' 
.procedures that subjects use to perfoi;^ the task (e.g., JohnsoUf 
1978; MacLeod, Hunt, & Mathew^, 1978). In a study- of ftap 
learuing, Thoradyke and Stasz (1979) fou&d that successful 
learners differed from poor learners in the high-' level processing 
procedures they |used]fwhen» attemptiiig to learn a fflap^ Several; of 
•the pl|ocedures* used primarily by gooil^^^^e^s required th(» to 
encode spatial cf^afigmrations of infonaation from the oap. This 
suggested the possibility that ^Aspatial ability^ not' procedure 
selections, might -underlie the observe4 individual differences in 
performaace. . The hypothesis that' abilities^ not. procedures, | 
primarily ^account for individual dffferences has received support 
in studies of -^hort^term re.tention in other , paradigms 
(Huttenlocher & Burke, 4976; Cohen Sandberg, 1977; ^Lyon, 1977) >^ 

la the present study, we investigate the uypothesis that 
subjects can ' significantly^^ improve their map-learning 
performance, independent , of th^ir basic abilities, using 
eff&^ti^e processing procedures* By training subjects in the use 



of certain processing proc€!(dures correlated witJU success in the, 
earlier study (Thoradyke & ^Stasz,- 1979), ve hoped to improved 

. ■ • ■ ■ ■ • \ "■ ' • ■ ■ . 

their performance ,<)ver tha^ of subj€$cts of e4uivale!it abilities 

usin^ self^sel^cted procedure^. Since •the results of the earlier 

• ■ ' • , \ . ■ ' • • 

study guided our selection of procedures for the^ present study, 

we briefly susuarize the results of t^t e^eri^ent here« 

To identify the procedure^ subjects use to leara a map, we 

analyzed verbal protocols of subjects, who were, trying to memorize 

• * ■ 

twQ maps. Subjects were either esqperienced or novice map users* 

Ih^^^i^ Studied a map for two miauls, during which time they 

provided verbal protdcolsf describiaj; what information they, were' 

focusing on and the procedures 'they were using to learn that 

inforwatioa. ^ After the study period, subjects dtew as ouch of 

the map as they could re^ober. Six such study-recall trials 

•vere provided on each of two maps (siuawn in Figures X and 

Analysis of subjects' prot^ocols and recall perfora^ce 
revealed that a variety of peirformance differences could be 
traced to differences in processing procedures • Good learners 
frequently used procedures that were , rarely used by poor 
learners. Sucoeiss depended more on^ the use ^ of p^ticular 
procedures than on subjects' prior experience using maps^ 
Experienced users were either successful or unsucc/essf ul map 
learners, depending on the procedures they adopted during study. 
Tables 1 shows the correlations between the^f requency of use of 
selected procedures and the percentage of map elements c(Jrrectly 
recalled, averaged across naps. A map elemfent corresponded 'to 




Figure 2. Countries Map 



the iiaj9e;*plus locatibo of *a sigisle conceptual entity, sucl; as a. 

building, a road; 9 river, or a country* • 
- . ^ * 



Tab^ 1 • . 

Correlat.ions bHween Strategy Use and> Recall 
(after T6<?a:adyke & Sta^z, 1979) 



^ , . Strategy ' Corf eXatioa witii Recall 

^ ' Imagery ^ " •661'*' . 
Evalual^Qii of unleairned inforiodtidn .61 

*^ Relation encoding , .57 ^ 

Rehearsal - " ' , .54 * 

Pattern encoding .50 * 

Memory-directed saspling .46 * 

• • Partitioning .31 

Labeling •14* • 
Mnemopics , 

.Association -.29 ' 



We suppleiMuted these corr#tlational data by contrasting the 
learning protocols of good learners and poor learners, Ve 
defined ^ood learners as subjects who recalled at least 90% of 
the map elemi&nts correctly by the last trial By cosparlng the 
protocols from the two groups, we isolated six se e m i ngly 
effective procedures: partitioning, memory-directed sampling, 
i^agesy , patternT encodiri "relation encoding, and evaluatioir. 
Beeause these six procedures play an important role in the 
present study, a brief description of each follows. 



Partitioaing is procedure for focusing attention on a 

■ ' ■ * ■ ' i 

subset of the map information. Since ^ach niap contained too much' 

iuforfflatlon to be. learned on any .one 4:rial, ^some learners defined 

meaningful subsets of tii^e; information on which to focus 

* ■ ■ ^ * . 

^tention. \ Subjects partitioned the map in two Wky^ by 
attending only to elements in a particular spatial r^ion\e*g/, 
tlie northwest corner of the map), or by-attending only to elements 

in, a particular conceptual category (e.g*, streets). * ^ 

* ■ ■ ' # • , .' , 

* ' A snbject Using memory - directed sampling would - construct a 
mental list of the information that was not recalled during a 

given ^recall attempt* On the next study trial, the 'subject would 

• ■ . . . 

immediately search for and study that unlearned information* 

' Imageiry involved the construction in memory of a visual 
image of '^ome^ portion of the fi^p. For example subjects, might 

for« a mental image of the shape of the coastline in the map 

^ ■ . ^ . * " '■ ' * , 

■ • . ■ > *' 

shown in Figure 2* Subjects would often exhibit the use of this 

procedure^ by closing their eyes or by looking away from the map 

* during the study period* ' 

Pattern encoding required the explicit encoding of a spatial 

detail or shape of a ^single map element. For example , a subject^ 

■ ' * ■ * ' . *• 

might notice that a road curved to the north halfway along its 

length. 

The relation aacoding procedure was used to encode detailed 

. ^ ■ ■ ' . . ■/ ■ ' 

spatial relatiohshi^s between two or more objects. For example, a 

- < -* , , 

subject might encode the location of a building as a particular 

street intersection or notice that two sftreets were parallel. 



Subjects^ use of evaluation involved moaitoriag their 
leamifiig progress by considering what in^prmation they had 
alre£idy learned and what still needed to / be studied- Good 
leariiers priaoarily focCi^ed attention on and evaluated unlearned^ 
elements, ignoring that information tliey bad already /l«w;|ied. 
The procedure « shown in the secdnd row bf Table 1 represents tjhe 



percentage of all, ev^^uation stat^ients that concisrned as^yet- 
unlearned, rather than already learned, map elements. * - 

. ■ ■ . , , ' ' . ■) ■ - 

^ In sum, good leameirs structured t4e learning task by 
defining and systematically studying subsets of informatioix frofl 
the map (partitioning and ^nory-directed §aiipling) . They used 
encoding procedures _ that were particularly adaptive for learning 
spatial infomation jCioagery, pattern encoding^, relation 
encoding). Finally, ^ they evaluated their learning progress 

< ■■ ^ . * ' 

- , ' ■ ; • ' ■ ■ ■ : 

consistently an^ accurately, using £ the outcome of those 

• » • ^ ■ .S^v * ■ ■ * 

evaluations to guide their study behaviors (evaluation^ memory- 

* ■ -■. . , , ■. " " - ■ _ ■ .. / 

directed sampling) . 

Vihile these high-level propessing pT0cedure$ were correlated 

' ■ i. ' ' . , • ; ' •« 

with learning 'outcomes, such procedures are but one of several 

■ ■' ' ' f.' 

potential sources of individual differences on -this task,« It ; is 

* ' ■ ■ ' » 

not clear what tqle the use of these procedures alone pitays in 

ling. While some stti| ies have s hown that learOinj^/ can be 



Improved through the use of 'such procedures as imag^^y . (Paivio*, 
1971; Rohwer, 1973) ^r chunking , (Bower & Winsenz, .1969j BelmDnt & 
Butterfifeld, 1971; Hunt & Love, 1972; Estes, 1974), other studies 



:^ave deaonstrate^ J^ajti individual differenises reiaain ev^ wfa^ 
sudh : procedures ar^ precluded (Huttenibcker & Burice, 1'976; •Lyon,' 
1977). J' : ' ' ; . ^ 

^ Himt (1978) has proposed that individual, differences in 
cognitipn arise ^froa three sources: differences in the use of 
simple processing procedures , di;f ferences in knowledge^ related 'to 
or about the task^ and differeiices in the^Alow-level.oiechaQicfi of 

. • ■■ : . . ■ T • ■ ■ ; : . . - . 

information processing* , Differences in subjectsV profiles' of 

procedure use ciearly differentiated good fro® poor learners in 

, *• ■ 

the Thorndjflce and Stasz (1979) s.tudy. On the other ^and, the 
failure of experienced map users to perform consisteatfy better 

than novice map users suggests that knowledge about maps vas not 

• ■- 

a source of performance differences < The third source 'of 

■ / ■ ■ ' • . , ' * ^ ..... 

individual variation, the piechanics of jlnformation processing, 

refers to basic operations performed on the physical 

representation of a symbol* These operations are presumed 

independent of the information denoted by the symbol . Such 

operations include 4ecpdiag, visualization, selective filtering, 

memory retrieval ^ a^d memory comparison « Numerous studies have 

demonstrated individual differences in these operations on a 

variety of tasks (e,.g.. Hunt, Frost, & Eunneborg, 1973; Hunt » 

Lunneborg, & Lewis, 1975.; Cohen & Sandberg, 1977; Lyon, 1977; 

Goldberg, Schwartz, & Stewart, 1977). 



Thorndyke and StasE did not measure these operations 

A J ■ 

direetly, bu^ it seems reasdWable to assume that subjects 
differed in their abilities to carry out these processes « 
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p Bifferences at tkis level of proces^iag t3?pically iagaet on 
lijigh-level procedure choices* (MacLeod, Huiiti & Mathews, 1^8).. 
For exaiaple, on tl»e oap-learniag taskf Subjects differing ia 
self -reported . visualisation B^ility eijployed dif ierent 
procedures . The 'best map learner stated that he had good visual 
m^oxy and frequently constructed visual images to l|^drn and 



rmea&er inforfliation. ^By contr|tst, the worst lea rneV^ jrepbxted 



that he had s very poor 'meim>ry for spatial/infoimitxon aad^^^ 
^ neyfer expe^fienced having ©ent.al iQ&ages.' "w^-s-^^ 



primarily verbal procedures arid did not 
complex spatial configurations on 

■' ■ ^ y • 

another stifdy of map leaiming (^t 
psychometric measures (visual « 
dependence) correlated highlj^ith 
and the utee 



analytical processing 



Thede studies suggest 






X^^rh* the ippre 



formac^l'.^n;/' the/ task 



of strategies thai! depeMed oiff visu#l,| ' axid , spatial- 



th high^xi-^leycl proqedurtf 



choices and basic proc^ssing/abll4£ies contribute to; differences 
among individuals.- Th^ presient study was designed tp; investigate 
whether subjects 9fould Jbe jif^ained^ to^^se^ set success 

' ■ ' ■■■ ' ' : ' ' ^ ■ 

processing procedures fo^ ^l^^^ing inforpi^tion Ifrcmi otaps and 
whether such ^yaijfi 
performance. Ipe set 
procedures f 



wolfLd sigij[4-ficantly iiQptove their 
f f ective" techjiiques comprised three 



patiai infdjmHioa (imagery*, pattern 
encoding^ relation /encoding) , two proce(i«fe& for using self* 
generated k&edhjck t6 guide subseguent study behaviors (memory* 
directed sampling, evaluation) , and^a jproc^durg for dividing the 
learnin^problem into subproblems, (partit^pa^^ 



To coQtzrast training in the use of effective procedures with 
the effects of instru4||k.on per se, ve included subjects who 
received training on six procedures uncorrelated with perfonaance 
±a, our previous study. These procedures vere mnemonics > labeling » 
rehearsal , and three associatign procedures. Correlations 
between performance and the use of these procedures are presented 
in Table 1\ l^tie mn^dnic procedure requires the creation of an 
'acron^ t<^ r^^resent thi^ , names ^ of several map eleis^ents* For * 
example* "SHAK** is a mnem^^c for the city hkmes^ of Sidney t Hope, 
Arno, and Keele , on the Countrie's Map. The labeling procedure^ 
requires the generation of a concept or name for a complex 
spatial conf iguratiion as a cue' for ifecall. For example, a 
subject might notice that the coastline on the Countries Map 
forms tl\e profile of a face. The rehearsal procedure entaij.s the 
repetition of a set of names or location descriptions. In the 

previous study {Tbomdyke & Stasz, 1919), one sood IftaiBfiUC 

* * # 

rehe^sed the najMS of ^TJie map elements whil^ imaging the spatial 
relationships ^f thcAe elements. This combined use of rehearsal 
and imagery produced the high correlatiph between rehearsal and 
'^eca-li shown in " Table 1. In a ^^ubsequent study ^tas2 & 
Thojmdyite, 1979), rehearsal was unrelated to performance. The 
' three associatiofi procedures establish conceptual relatious 

between^ two pr more' map ej.em6nts. The Jirst associatioa 

procedure consists of creating a link between Some map 
information and some related prior knowledge. For example, the 
subject might notice that Market Street on the Town Map is 



spatially similar t^o Market Street in Saa Francisco* A seJcond 
type of association relates two or iM>re objects froB the map, 

using some additional world knowledge. For example, ot^e might 

■■ ^ . . 

link Victory Avenue with the adjacent golf course through the 

• * 

association '^Victory at golf." ' A tiiird . use^ of this general 
procedure requires tHie creation of la narrative or scenario 
incorporating several map elements (e.g., "The BOTLER w§nt t^^ 
CHURiaa and saw CEDAR trees i» the PARK.") - Since these procedures 
were uncorrelated with success in our prior studies ^ training 
subjects to use them should nott affe;ct their performance. 

" Jbie also assessed the visual ^memory ability^ of subjects usi^^g 

.the Building Memory test' froa the Kit of Factor - Reference^ 

Coyoitive Tests (Ekstroa, French, & Harmon,. 1976), This test 

measures subjects* ability to renember the configuration, 

■ ' • ^. /'-■■.■,.,,. 

location, and orieatation of spatial information in a^ complex. 

display. If visua l me mory accoun ts f or muc h of the variation in 



learning, or if it is- a prerequisite for us|.ng high-level^ 

•> , ■ , - ' ■ • 

procedures, - theh training should h^ve' little effect - on 

performance. • . f 
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II. METHOD 



MATERI Al^ . ' * 

' ■ . r . 

The Town Map, shown io Figure served as the pre-training 

• • 

exj^rimeatal suaterial. Jt coQtaiaed a river, stSceet^, buildings, 
- parks, a&d otheir laad^rks -typically found in a ssall town. All 
of these map elements except the raiJ.coad tracks haci verbal 
labels or n^uaes associated with theig. The Countries Hap, shown 
in Figure 2, served as the 'post- training test material. It^ 

-Jdif^red from the Town M^p in J)oth' scale and content. This ntap 

/*■ * ' ■ ' ' • . .' ■ ■ ■ , ■ • ■ 

portrayed countip.es, cities, roads, railroads, and prominent 

^ " C- ■ ■ ^ ■ ■ 

terrain features ^ such as an* oce.an^ an island^ rlveirs, lakes, and 
a Biou|^iain* Roads and railroads had nQ verbalv labels , but all 
other map elements were named. In constructing these maps we 

attempted to include a variety of types, of map information and to 

ft ' ■ ' • ■ 

make the maps as natural as possible. A third map^ adapted frotd a 



study by Shimron (J97$), was t»d 'by^sufejects during training to* 
practice their^Tearn^ procedures. This County Hap depicted 

an imaginary county containing r<>ads, cities, a river, and' 

^ . ' ' ■■ , f ' ' 

jBiountains. . . * » ' . ' 

SUB JECTS • 

, Fo rty- ^three subjects participated io^^Jthe^tudy* Tjfciij^^ 



^ ■ ■ 

were Santa Monica bopminity Collejge students who were^aid $3-50 

per hour. thirty, subjects . were UCIA undergraduates who 

* . . •■. ■ ' . ■ ' ' ■ » ■ 

. ■ ■ i ' ' , ■ 

' participated in order to fulfill a course requirement. 



Dg^IGN ' 

'f , ^ * ' 

^ Subjects-itfere ri^udomly assigned \o either the contr'ol group 

iBr one of two training groups. The Eff^ective .Procedures grou^ 

received iastruc^ion on §ix procedures correlated ; with 

^cce^s£}il learning in our preyious studies/ Tiiese procedures 

were part itibning, imagery ^ pattern encoding^ relation encodingt 

\ I . .. " 

memdryrdiVeeted sampling ,%and evaluatiqn. The Neutral Procedures 
group ^ (n^l6) received instruction (on six procedures that %rere, 
previously uncorrelatt^ed with , perfon&ance: mnemonics, spati^al 
labeling, rehe'arsali^ and three assoQidtion proc^ures. ' The No 
Procedures group ^n-13) received- no training* ' ^ \ 



PR0CED13RE ' V • C 



Within each treatment condition subjects^ ^re tested^ in 
groups. li^ey \ were told that the stud^ investigated the 

«^v:'/V ' ' ■ ■ ------- --i^---~-r^-- ---7 

effectiveness of cer^tain procedures Tor gleaming ^Eia^s . and that 
their task was to learn^ using any t^echniques they knew, t±e map 
they would be shown. Each subject was then given a copy of the 

Town Map to study. After two minutes tiie, map was wi^hdrawp and 

• ■ . .* 

subjects were instructed to draw as much of' the map as th^ could 
remember. Recall time was limited to seven minutes* Three 

Study-recall trials, administered in this manner j served as d 

_ ^ ■ : . 

pretest of map learning. ^ 

Following ,t;hese trials, each groxjp received different 
instruction^ on the use of learning techniques. For the, Neutral 
and Effective -Procedures t groups, the experimenter described each 



of * 'the respective procedures for tiiat group in d^etail. 
Instructions for the use of* the evaluation procedure emphasized > 
ip addition to "the technique itself, the advaiitafces of accuracy, 
attention to unlearned elements, and subsequent study of Jthose 
elements. The ekperimenter illustrated the use of each^procedure 
wxth examples^ pa the Town Map./ "Subjects^ sti died thes^ examples 



4 

OA. their own copies of the map. 



Subjects xn the No Procedures group were instructed . to 

continue using their bwh learning techniques on « the next maps* 

In addition, |he experiii^nter provided sojie ' genetal suggestions 

for improving performance on subsequent maps, §he urged -subjects 

(a)' to concetitrate on tiie jUsk and not to be diistf acted, (b) to 

evaluate the effectiveness of the techniques th^ were using, (c) 

to- discontinue using any techniques that appeared to be 
' / ; V r ■ ; - 

ineffective, and (d) to try to learn a^ much as possible in the 

/ 

training session 



tii^ provided* For a li -three groups, this 



« lasted between- 20 and 30*^ minutes.^ 



Subjects were tiiea ^ given copies of thf County ilap and 
instructed" Zo practice -the techniques tliat they had been taught. 
Two trials, consisting <?f two oinutes o'f study, and five .mii^utes 
for recall, were provided. Following these practice trials, the 
experimenter reviewed th? learning procedures and answered an:y 
queitibDu^ abput their us^ were then given copies of 

the Counti^es Map and instructed to XLse the techniques they had 
been taught whenever possible. Subjects alternately studied and 



reproduced the map on five study-recall trials. Two laiautes were* 
provided for each study trials seven minutes for recall- 

After the last, recall trials subje^^^ c<>mplet^ed two; 

questionnaires rej^pjctlng the procedures they used during study. 

J* 

Each questionnaire comprised 16 questions , each of which required 
subjects to indicate the frequency with 4&icb they used a 
particular ^ocedure. Nine^f the 1^ questions refe;rred to the 
effective learning prpce^uxes, and si^ questxQns referred to the 
iieutral procedures. One question referred to a procedutr^ not in 
either set. For each question, a statei&ent describing the 
procedure was followed by an example of its use on the 
appropriate s^p-/ Subjects rated how of|;:en they used the 
procedure on a scale ranging £roBi "0" (neve^if'used^he procedure) 
to *'6" (used procedure on every trial) . Figure 3 illustrates a 
procedure question for each map. Question 1 refers to the* 
partitioning procedure, ^^juestion 2 to one of the assoH^^^ 
procedures. Subjects consulted tj^eir maps whilfe answering all 

questions. Following completion of the questionnaire, sub j Arts 

{i * » ^ 

took the psychoflietric • test of viisual ,rfliefiiory ability.* Total 

v.- 

"^training and testing time for each group was approximatelyv^lJ^o 



and one-half hours. 



1 



A) IVdivided the map into smaller sections or parts aad 
coQceatrated on learning the infonaatibn in €^ach smaller 
part. ^ # 

Example: Tried to learn all^he information located in 
the area 'above Market Street in the nort&vest 
comer of -the map* 

Circle Ujie 'twaber which vindicates whether or not and how 
often you used this* strategy. *i 

0 1 2 3 4 5 6 

NEVER ONCE/OI^E OCCASION- FREQUENTLY MOST OF EVERY 
^TRIAL ALLY THE TIME TRIAL 



2^ I tried to learn certain information by associating it 
)in some way to my experience or to other facts that I 
know* 

- ■ . * ■ 
Example: The map reminded me of Africa. There is a 
country in Africa called Zambia^ whicbt ^is 
similar to Gambia. ^ 

Circle the number wl^ich indicates whether or not and how 
often you used this strai|:egy. 

. 0 1 -^2 3 4 5 6 

NEVER ONCE/ONE OCCASION-., FREQUENTLY MOST OF . EVERY 
TRIAL ALLY - THE TIME TRIAL 



Figure 3. Examples of Strategy Questions for the Town Map 

:v _^^Jthfe_ Coiffit^ 



* . 
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III. RESULTS AND DISCUSSION 
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Each map that subjects recalled was scored for percent 
correct reproduction . of jnap elements (e.g*, buildings » roads, . 
countrie^, lakes parks, ^ etc.)* An element couldl hai^e two* 
attributes: a spatial location and a verbal* label. The Town Hap^ , 
contained 33 elements, all but' one of which were labeled. The 
CouQtries Hap contained 43 eleiaexits, 26 of whidi had iiaaes and 17 
of which were unlabeled. The County l:^ap was used only iEor 
practice and was not scored fdr recall • 

Recall of spatial an4 verbal information was ^scored 
separately ^usin^ the decision rules described in Thomdyke and 
Stasz (1979). For each subject, the proportions of verbal 
attributes, spatial attr^^^utes, and entire elMaents correctly 
recalled were/ cc^uted for each trial. An overall score for each ^ 
map was obtained by coiiputis|(^^;he mean across recall trials^ 
Scores for the Toi^n Hap represent the i^anf recall across three, 
learning * trials; scores on the Countries Hap represent recall 
across fiv^ trials. * 

PRE - TRAINING PROCEDURE USE . 

v^re^ first interested in the relajtiqnshifii __feetween 

procedure use and learning perfox^nce before training. 
Ther:efore, we divided the 43 subjects in^ good and poor learners 
based on- ;^iirf ormance on the first map. We defined good '^'learners 
as subjects whose last trial recall was at least 45% and whose 



If 



meaa recall across trials was at least. 34%: 'Poor learners all 
had last**trial performaace of less than 40% and mean recall of 
1&3S tlian 32%. Ti^s£ criteria produced a £roup of 20 good 
learfiers and a group of 20 poor learners. Three subjects. who 
could not be unambiguously classified were discarded from this* 
analysis. ^ .V 



Tablet; • . 

Compari^oa of Fre-Traiaing Perf drstance aad Procedure 
Use for Good and Poor Learners 



Good Learners Poor Learners 
Variable (N=20) (N=20) 



Mean Percent Recall per Trial 

Complete elements 45.05** 20.20' 

Spatial attributes 48.20** 26-10 

Verbal attributes 74.30** , 52.15 

Mean Frequency RatiflSg of Procedure Use 
Effective Procedures 

Partitioning • 3-2A* / 2.25 

Memory-directed sampling 4.96 • 4.37 

Evaluation ^ » 4.00 ' ' 3.82 

Imagery ' .5.05* 4.12 

Pattern encoding 4.90** 3.68 

Relation encoding 4.46** 3.04 

" Neutral Procedures . ' ' • 

Mflemonics 1.14 .1.79 

Spatial' labeling 2.18 



Rehearsal ^ 4.52 -^4.70 

-Association 1 — ^ 2. 10- l_8r 

Association 2 0.35 0.75 

Association 3 1.44 1.^5 





* £ < .05 

** £ < .01 



Talkie 2.caatrasts these t^groups on repot^ted^use H^he twelve 
procedures t-rained in this experimant* Diffejcences between 
groups were evaluate^ using one-tailed t-tests* As the first 
thiree rows of Table 2'shoWp good learners were superior in recall 



of complete, elements, spatial attributes, and verbal attributes. 

■ ■ * /'. ■ ■ ■ 

. ' ■ ./••/* 
These learners also tended towa'rd more frequent use of the 

"e»f f ective" procedures • While good and poor*^ learners did not 

■ . ., ■ ♦ * • 

differ in their frequency of use of t^ie evaiuCation pro^cedure, 
good learners used four of thie other five Effective Procedures 
significantly more often than did'^pQor learners* In contr^^t, 
good and poor learners did not^ differ in their use of the Neutral 
Procedures*. These results replicate the differences between good 
and poor learners reported by Thomdyke and, Stasz (1979) and 
further indicate the efficacy of the effective learning 
procedures* *^ 



EFFECTS OF TRAINING 



Td determine the effects of instruction on the use of these 

¥ ■ ■ ■ 

procedures, we compared the pre-training and post-training scores 
for subjects in the titwcee groups. Separate analyse*s ot variance 
weue performed for recall of complete map elements ^ recall of 
spatial i^ttributes, and recall of verbal attributes* ^Figur^ 4 
"^faows ^e data ^or recall of complete map elements, derail 
mean recall sco|:e for the second map was greater than that for 
the ^first map, FCl,40) =71.31, p < .001. The main effect 
for the training group was not signif;Lcant (F < 1). MoVe 
importantly, however, the predicted map-by^treatment interaction* 
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Figure 4. Recall of Complete Map Element 
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was reliable^ FC2,40) = 3,32, £ < *05* A, planned comparison 
conflmed that the Effective Procfedures group recalled mor^ on 
the post-^trainiag map than tfa# Neutral Procedures and No 

Procedures groups^ t(80) = 4.49, £ < .OOl* 

*- * ' ' , 

Figure 5 displays the tesu^ts for recall * of spatial and 

^ verbal attributes. Recall of spatial attributes (part A) 

y • • ■ , # . 

« * 
improved frcw the first to the second map, F(l,40) = p 

< .001. While group differences vere in the exp^^ted direcy.on» 

the interaction fell short of significance, F(2,40) 1.81 • 

However, a planned c<»apariso{i indicated that the Effective 

Procedures group recalled more on the post*training map than the 

other two groups (t(80) = 3.48, g < .001):, In contrast, recall of 

verbal attributes t(as nearly identital across saps and groups 

(part B)^^ • 

To further explore the group differences on the post- 
training task, perfonoance on the second laap was analyzed by 
trial; Figure 6 presents the data for cc^lete . eles^nt nscall. 

4 

.... _ . ^ . . ^ . 

While the Effective Procedures group was superior on all 
trials, th^ fiain treatment effect was only marginally reliable, 
(F(2,160) = 2.38, "£< .10), and the interaction was not 
significant, (F(8,160) =1.04). However, as Figure 6 shows, the 
» Effective Procedures group showed » marked iurprovement in recall 



after trial 2 relative to the other groups. Post-hoc coqiparisons 
declared, the means for the Effective Procedures group to be 
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Figure 6. Recall of tloiaplete Elements on Post-Tralaing Map 
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larger than those for the Neutral Procedures ^roup at trials 3, 
4, aad 5 < *01 iox all comparisons). 

Figure 7 presents the data* for recall of spatial and verbal 
attributes by trial * For spatial r^all (part A) ; ccMparisons 
of individual group means ijeplicated the pattern , of results in 

recall of complete elements- The Ef fee ti^ Procedures group* had 

. * 
significantly higher . recall than the Neutral Procedures group on 

the* la.st three trials (g < ,05 for all cosaparisoas). For 

verbal attributes, the interaction between §ro^ and trial was 

reliable (F(8, 160) = 2.12, £ < .05). 

As these analyses indicate^ the advantage of the. Effective 
Procedures training was not apparent until the third trial on the 
post-training map. This delayed effect may have been due to the 
fact that two of the effective procedures (memory-directed 
sampling and evaluation) could not be used until at least trial 

2^ .Memory-directed sampling required the study of particular map 

■ ■ ■ . ■ ^ 

information on trial n that had not been* recalled on trial n-1. 
Evaluation required si^jects to compare perceived map information 
on trial n to^tfieir recall of that information on trial n-^1. In 
addition, these techniques are. oost effectively employed when 
much of the aap has already been learned. Therefore, these 
procedures may n^t have been used extensively until later trials. 
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|lecBll of Spatial and Verbal Attributes of Map Elements 
on Post-Training Map 



ASSESSMEKT OF POST - TRAINING PROCEDURE USE 

, Presisdbly, the superior improveiMiit of the Effective 
Procedures group over the other groups occurred because these 
subjects u$§d the trained procedures (hereafter referred %q as 

target procedures) « To test thi$ assuaptioa, we scored the 

' ' ' \ < 

questioimaires to determiae the frequency oi^ use ^ of procedures 

beforehand after training. ^ 

Table 3 shows the ^an ratings for the use of Effective' and 
Neutral procedures by the three groups • The i;esults confits that 
subjects did in fact increase th^ir usq of target procedures 



Ta 



!fean Reported Frequency of Use of 
Effective and Neutral Procedures 



Group ^ &if ore Tiraining After Training 

lEffective Procedures 

Effective Procedures group 3^74* , 4.4A * 

Neutral Procedures group .3.45 3.72 

Ho Procedures group/ 4,38 4.23 

Neutral Proc^ures : 

V Effective Procedua?ss group 2.18 2.14 




Neutral Procedures gifoup i.96 * 2.53* 
No .Procedures group 1.75 1.91 



*w * £ < .05 



3^ 
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after training. The first three rows indicate that Effective 
Procedure use increased significantly after training for, subjects 
instructed to use those procedures, t(13) = 2.42, £ < .05, but 
dxd not increase for the Neutral Procedures or No Procedures 
groups. Similarly, the Neutral Procedures group repprte'd wore 
frequent use of target procedures on the second gaap than on the 

first, t(15) = 2.31, £ < .05, However,' use of these procedures 

• ■ ^ ■ / 

did not increase for the other tv(> groups. 

. ^To further support the ^onclusien th^t the use of the 
effective prodedures improved perforttiaace> ve computed within*^ 
^roup corretations between the reported use of effective and 
neutral 4 procedures on the second laap and the increment in recall 
across naps. This increment neasured as the difference in 
percent recall on the last trial of the two lEoaps. Table 4 shows 



Table 4 

Correlations Between Mean Use of Procedures 
after Training and Recall Increment 
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Effective Procedures 

Complete Spatial Verbal 
Elements Attributes Attributes 



Treataeijit 



Effective .59 * 

Procedures 
_groi^ 



Neutral 
Procedures .31 
group 



No 

Procedures .02 
group 



*p < .025 



.55 * 



.32 
\ 



-.05 



.42 



.08 



-.43 



Neutral Procedures 

Complete Spatial Verbal 
Elements Attributes Attributes 



36 



16 



17 , 



.03 



-.23 



.06 



-.41 



-.12 



-.15 



-.54 * 



the 'CorVfelatioas for ?ecap. yof cca^lete, eleaents, spatial 
attributes, and verbal attributes. As expected, the use of 
'effective procedures correlated reliably with isprovenent in 
c(^plete elesusut and spatial recall for subjects trained to use 
these techniques. That is, the more frequently subjects used the 

1 ■ ■■■ r ■ ■ 

effective procedures, the 'greater their . improveaicnt in 
^^Jperforsiance. Three q% these procedures (isagery, pattern 
encoding, and relation encoding) operated on spatial infoxteation, 
while the other Uiree (partitioning, a^ory-directed*^ satapling, 
and evaluation) were equally applicable to spatial and verbal 
information. Therefojce, we expected that the correlation ' between 
procedure use and perfonymce incres^t would be higher for 
spatial attributes than for verbal attributes. &s the first jrow 
of Table 4 shows, this expectation was confirped. In contrast, 
we found no evidence that the use of Neutral Procedures 
facilitated learning. 

I ■ 

VISUAL MEHORY ABILITY - 

.Oils' light of the iaportant role of spatial learning 
procedures is determining overall' learning success, we exp^ted 
that subjects* visual siesory ability would affect success on the.^ 
learning task. In particular, since imagery and perhaps pattern 

and relation encoding .depend - ^ _ -the_ Ji&e q£ a visiializatien. 

process, the effectiveness of training in these procedures might 
' depend on the subjects' abilitjt , to visualize spiitial 
configurations in memo ty» . ^ 



The analysis of the Building Memory ♦ Test scores provided \ 
data oa subjects' visualization ability. The reliability of this 

test, estimated by the S^armaa^Browp formula » was .76. The t^ean 

* 

scores on the 24-iteiB test yere 17.61 for the Effex^iW- • 
Procedures group, 18.48 for the Neutral Procedures group, and 

* • * 

15.48 for the No Procedures group. An analysis of variance 

<5 . ■ . - 

indicated that the groups were indistinguishable in visual mcusoxy 
ability. Across all subjects, the correlations between visual 
memory and complete element recall (r = .54) , spatial attribute 
recall (r =.55), and verbal attribute recall (r =^44) on the pre- 
training map were all significant (p < .01). The same cor- 
relations between ability and post^-training performance were also 

V - 

reliable (r ~ .63, r =^ .66, and r = .34, respectively, < .01). 

To detensine if training differentially influenced post— 
Y training performance for subjects wi*th different visual memory . 
ability, we performed a linear regression of performance 
increment on training group and ability. Pigute S displays the 
increment in recall of complete map elements as. a function of 
ability for each of the training groins. The solid lines 

"... . ^ 

represent the best-fitting function for each group, and the 
dashed lines display the 95% confidence interval for the 
predicted recall scores. As Figure 8 shows, recal^ increment 

increased :_with ability only for subjects- In the. Effective^ 

Procedures group. We wished to /detenaine for what leyels of 
ability th^ Effective Procedures training produced significant 
improvements relative to the other groups. We therefore used the 
prediction equations to contrast performance increment for 
hypothetical high*ability (ability score ^ 24), medium-ability 
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(= 17.41, 'the Go^axi scpre across subjects), and low-ability n= 
10) subjects! For high and medium ability, the increment for the 
Effective Procedures group was reliably larger than the mean 
increment for the dther tva groups (t(37) = 3,23, £ < ,01 for 

high ability, t(37) = 2-32, £ < .01 for mediu© ability). 

*" ' « ' • 

Figure 9 shows the Incremeiits in recall of spatial (part A) 
and verbal (part B) ^ attributes as a function of Visual Hemory 
ability* For recall of spatial attributes, the increment ^;for 
Effective Procedures training was reliably greater than that 
for Neutral and No Procedures training for high- and indium- 
ability subjects (£ < •Ol for each). For recall of^ verbal 
attributes^ th^ group di|ferences were smaller and Were Reliable 
only •for high-ability subjects (£ < *Q5), 
i 

The finding that high-visual-m^ory subjects benefited most 
from training suggests that these Subjects might have had an 
advantage over rifelatively low-ability subjects in successfully 
using the trained procedures > This advantage could arise from 
three sources . First, subjects with high visual ability might be 
K>rfi inclined to choose the spatial learning procedures on their 
own, and thus ^they presumably would be more practiced at using 
the procedures • The first two columns of Tablfe 5, however, 
suggest that^ this ms^ JiQfe c^sg , JTM:^^ 



FRir 



correlations acros^ ail subjects between visual memory ability 
and the use of the jsix effective procedures'" on the first ^Pt 
prior to training* The second column gives the same correlations 
for the subjects in the Effective Procedures group- None of these 
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Best-Fitting Regression "Line' of Recall Increment for 
Spatial and Verbal Attributes on Visual Memory Ability 
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Table 5 

Correlations between Visual Mei^^ry Ability 
and Effective Procedure Usage 



All Subjects Effectiv e Procedures Grdup 



Before After 

Procedure Before Triiinlng Trainiag Training Increaeut 
— • — ^ 



partitioning 


-.01 


.36 


-.23 


-.44 


Memory-directed sai^IiiSig 


.08 . 


.37 


' « 


-.30 


^valuation 


.07 


.27 


.35 


.15 


Imagery ' 


.11 


.27 


.50* 


.24 


Patterii encoding 


.15 


.02 


.24 


.20 


Relation encoding 


.27 


.22 


.43 


♦ .29 



* £ < .05 . ' 

correlations/ is Statistically i^ignificant. Urns, there does not 
appear to be a strong relationship betv^en the choice of any 
effective learning techniques on the pre** test -and visual memoiry 
ability* 

The second possible explanation for the superior improvement 
of high^ability subjects is^ that they used the effective 
procedures more frequently after training than did the lov- 
ability subjects* Subjects with low ability may hdVe been less 
inclined to follow instructions to ,use techniques requiring 
visual m^ory than subjects vith good visual n^ory. Across all 
^f f ective^rocedures I the incresjent "in frequency of Tuse ^row ^e 
first to the second map was uncorrelated with ability (r ^ «04)« 
However, as the last column of Table 5 shows/ this Correlation 
varied for individual procedures* For two of ^ trhe Jihree npn*- 
spatial procedures,/ low-ability subjects increased their 



frequency of use relatively more Uiaii high-ability $u|>jects. lo 

contrast 9 w£ found positive correlations between increased use of 

' ' ' "^-^ • 

the spatial procedures and ability. Thusi as the ti^rd columi of 

y ■ • < " * 

Table 5 shows, high-ability subjects used two of the spatial 
learning techniques considerably TOre frequently on th^. second 
aap than did their lov^ability counterparts. ^ 

Finally, the' effectiveness of the spatial^ learning 
procedures probably depends on visual je^i^ry ability « Subjects 
with poor visual s^mory may find these techniques difficult to 
use successfully. Thus, each use of an effective procedure Giight 
be. pore beneficial for high*ability than for low^ability 
subjects. To test this hypothesis^ we regressed performance 
increment on visual s^^Miry ability and increi^nt ,in procedure 

usag^ across subjects in the Effective Procedures group. When 

> ' ■ * ., , , . 

the variance due to the differences in; procedure usage was 

' s ■ ■ ■ • 

reaoveth frcw the pridictioa equation, ability accounted for a 

; . . . " ^ 

significant 27.6% of the regaining variance in performance 
increment, FCl, 11) = 6.80, £< .025. 



IV. CONCLUSIONS '* ^ 



It is evident frc» these analyses th^t success fi^ nap 
learning depends on particular study procedures for selecting i 
encodinSi and evaluating infomation. Our "previous analysis of 
learning protocols (Thomdyke & 3tasZ| 1979) revealed seve3:;3r 
detailed difi^erenfes in proe6dure usage beti^een good . a^d poor 
learners. Subjects^ responses to the procedure questionnaire in 
the preseQt study replicated Uiese difference^. To show that 
^^ese procedural differences were responsible for perf ormnce 
differences^ ve attesq^ted to iaprove ®ap-leami^g skill by 
teaching siibjects how to use six procedures that we had observed 
good learners eiiploy frequently. This tftsiining did in fact 



ioprove subjects' perfonaance relative to subjects who r€;ceived 

no or irrelevant training* 

-4 \ , '■ . ■ . ' 

' ' , ■ ■ ■* ' ■ . . , 

Utiile we obtained training"*group differences for recall of 
spatial attributes^ the groups did not differ in recall of verbal 
^attributes. Individual 'differences in recall of verbal 

infarsation and in « the use of verbal learning procedures were 

■ ■ ■ i ■ « , ' » 

much smaller than differences regarding the spatial information* 
ISurther, virtually every subject learned sore verbal than spatial 
information on the maps. Becai^e college students typically learn 



primarily verbal information (e.g«, from textbooks, class 
lectures), they probably develop verbal learning skills and 
techniques. In contrast, students* relative lack of practice 



at learniAg spatial information aay restrict their repertoire of 

learning tecimiques and Mghlight abijlity differences. 

- ' • • * . * 

■ m 

AccordiA^I^y, the success of the effective-proceidures 
instmction depended oa .uhjects- vi««l »«,t, ability. This 
ability vSis related b6th to hoi^ frequently subjects used the 
trained spatial learniuj^ procedures and to hoii successfully they 
executed .then*' Loi€-ability subjects , yho presumably have 

« difficulty creating ^d holding visual ima^ges in oeiE^ry^ 'would 

^ ' % . . ■. : / 

have difficulty in using these- spatial learning procedures 

effectively. On the other hand, high^-ability subjects, could 

readily use procedures requiring attention to spatial lAforsation/ 

ai^d the use of imagery. Thus, while high'^ability subjects 

iis^roved tremendously after training, low^ability subjects 

improved no more than subjects in the other training groups. 

• . ■ > 

While both leairnii;^ procedures and i^bilit^s appear to be 
important contributors t^ performance, we cannot yet assess their 
relaj^ve 'importance* Additional research is required to 
investigate whether subjects with relatively Icrw visual mesory 
ability may be taught to employ spatial learning procedures 
effectively. This question hinges on the psl^cise relationship'' 

' ' ■ ' . ■ ■ ^ • ' ' . ^' ; 

between the low-level processes required to perform psychoa^tric 
tests of visual ability and those required for the use of high*^ 
level procedures. Some very basic spatial abilities,* such as 
visualization, may cotlsist of one or a few elementary processes; 
We view leaping procedures as^prcgram-^-like combinations of these 
low*level, pijocesses. Visualisation, for example, may be a single 
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component of a more complex procedure, such as evaluatioo. This 
procedure may require the visualization of informatioa in the 
current focus of attention. 

Traditionally, psychologists have viewed abilities as 
general traits relatively resistant to change. Many learning 
procedures, however, are presu^bly flexible skills that are 
trainable and may improve with ;practice (cf. Hasher & Zacks, 
1979).' Therefore, if low-visual-aaiSK>ry Individuals cannot 
readily be taught to use spatial leaminj procedures* effectively) 
then it would appear that their use is highly ability-dependent^ 
For these individuals, optimal instructional design 
Capitalize on other learner aptitude^. For exaspl 
Slight be tjaught to use procedures that depended on pf^cesses they 
were skilled at using. Subjects thesselves appear to be 
particularly adept at selecting sttategies that are vell-suite^d 
tp their abilities (e.g., MacLeod, Hunt, & Mathews, 1978). On 
the other hand, if subjects of all abilities^ given^suff icient 
training, can learn spatial processing techniques, current 
assuifiptioos about the nature of abilities and their explanatory 
power as a stable source of individual differences would be 
seriously challenged- 

' ■ ' ' ' - " ^ ' --i 

Our findings may have signficant ii&plications for the design 




of map training courses for the military- Since the use of 

* 

effective processing procedures can significantly improve the 

^ ' ' ■ ■'. . ' . . 

amount and rate of map learning, instruction in the nse of such 

procedures laight provide a successful traiaiag vehicle. 
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Furtherinore^ these procedures eight be useful in other military r 
aap-usijvg tasks as well. " * 
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